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IMocranoBka mnpo6aemu. HackoromHi, craH pO3BHTKY pYXOMOTO CKIaxy aBTOMOOUIBHOTO
TPAHCIOPTY  XapaKTepHU3YEThCA PI3HOMAHITHUMHM  THIIAMHA Ta BHJAMH aBTOMOOUTIB, MPHYEIB i
HamiBrpuueniB. [lJisi miepeBe3eHHS BEJMKHX NapTid BaHTaXy OLIIBHO BHUKOPHCTOBYBATH aBTOMOI3IU
PI3HOMaHITHUX KOMIIOHYBaJIbHUX cxeM. [lopsin 3 HalOiNpll MOMIMPEeHHMH [JBOBICHUMH aBTOMOOUISAMH 3
MepeIHIMH KEPOBAaHUMH KOJECAMH OTPHUMYIOTH BCE OUIBIINI PO3BUTOK HOBI KOHCTPYKINI 3 iHIIMMU
KOMIIOHYBAJIbHUMH CXEMaMH i CHCTEMaMH YIIPAaBIiHHS TIOBOPOTOM: aBTOMOOLTI i aBTOMOI3AM 3 yciMma
KEpPOBAaHMMHU KojecaMH, OaraToBiCHI aBTOMOOLUII 3 PI3HMM YMCIOM 1 PO3TAlIyBaHHSIM KEPOBaHHX KOJIIC,
MaIlIFHA 3 HETIOBOPOTHUMH KOJIECaMH, 3WICHOBaHI KoJicHI MammHU Tomio [1]. Benuki rabaputHi po3mipu
aBTOIO{3/1a TIPU3BOAATH IO 3HAYHOTO 30UIBIICHHS HOro rabapuTHOI CMyTH PyXy Ta 3HAYHO YCKJIAQIHIOIOThH
KepyBaHHs HMM. Ha choromgHi y OinbIIOCTi KpaiH CBITY mopsi 3 OOMEXKEHHSIM MAacOBHX ITOKa3HHKIB
aBTOMOOWITIB 1 aBTOMOI3/IiB periaMeHTYIOThCS iX rabapuTHi po3Mmipu, B €Bpori gie aupextuBa 96/53/EC Big
1996 poxy. Jlo3BoJieHa JOBKHHA CiIeTBLHOTO aBTomoi3aa 16,5 M, aBTOIOI3]1 IOBUHEH BIMCATHCS B IIOBOPOT,
oOMexeHud BignoBimHO pamiycamu 12,5 1 5,3 M [2]. [Ipu HasABHOCTI y aBTOMOi3[a KEPOBAHHMX JIAHOK
TPYIHOILI BUHUKAIOTH Y TOMY, IIIO CYTTEBO YCKIAIHIOETHCS JOCTIDKEHHS PyXy TaKOTO aBTOTPAHCHOPTHOTO
3aco0y 3 MPUYMHN HEOOXIMTHOCTI ypaxyBaHHS BIDIMBY 3HAYHOI KUTBKOCTI (haKTOPIB Ha XapakTep ix pyxy.
B3aemogis cycifiHiX JJaHOK TPW PYCi aBTOIOi3/1a PO3MOBCIOJKYETHCS B PEIITI—PEIIT Ha BECh TPAHCIIOPTHUN
3aci0 1 BUKJIHMKAae TEBHI BIAXWICHHS CKJIQJOBHX aBTOIOI37]a BiJ 3aJaHOTO BEAYYOIO JIAHKOK (TsSradem)
HanpsMKy pyxy[3]. BpaxoByrouu Te, [0 aBTOIOI3]T € 3aCO0OM IIiABHIEHOT HEOE3IeKH, epII 3a BCE, CITiJT
POOHTH KPOKU y HAINPSIMKY AOCIHIIKEHb MaHEBPEHOCTI aBTOMOI3/IB, pe3yIbTaTH SIKUX OYAyTh MiIIPYHTSIM
JUTS BUPIIIEHHs 0araTbOX TEXHIYHUX MUTaHb.

AHaji3 ocTaHHIX AochaiTkeHb i myOaikamiii. Bimomo, mo Haibinpma e)eKTUBHICTH IepeBe3eHb
Oyzne nmocsiraTucs y TOJi, KOJMH TIOBHICTIO Oyle BHKOPHUCTOBYBATHCS MaKCHMallbHa JIOMyCTUMA JIOBXKWHA
aBTONOI3ga 1 HOro MakcHMMajbHa BaHTaKOMiAHOMHiCTh. [IpoTe, OaraTto mpoBeaeHUX OOCTIIKeHb [4-8]
TTOKAa3aJId, IO HAIMBIPHUYIINl TAKOTO aBTOIOI37]a OBHHEH OyTH KEpOBaHUM, BHOIp 3aKOHY YIpaBIiHHS Ta
OOIpYHTYBaHHS IPUBOAY YIIPABIIHHS SKUM 3QHIIAETHCS HE 10 KIHIIS BUPIIICHUM.

YnpaBniHHS Bi3KOM HamiBIIpHyena MoKe 31HCHIOBATHCS YOTHPMa OCHOBHHMH criocobamu [9]:

—KiHEMaTHYHHH CIOCci0 YIIpaBIIiHHS TOBOPOTOM KOJIiC, OCEH TOIIO;

— KiHEMaTUIHHUH CIOCi0 YIpaBIiHHSA TOBOPOTOM JIAHOK IMAPHIPHO 3WICHOBAHWX AaBTOMOOITHHUX

TPaHCIOPTHHX 3ac00iB;
— MUHAMIYHUH croci® ymnpaBiiHHS aBTOMOOUIBHHX TPAHCIIOPTHUX 3aC00IB MUIAXOM PETyIIOBaHHSIM
CITIBBiAHOIIEHL KyTOBUX IMIBUIKOCTEH KOJIIC;
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— KOMOIHOBaHI CIIOCOOW yIpaBITiHHS.

3acTocyBaHHS aBTOMNOI3MIB 3 KEPOBAaHMMH MPUYIMTHUMH JIaHKAMH YCKJIATHIOE TIPOLEC PyXy
aBTOmNOi3ga. B3aeMomis aHOK aBTOMOi34a BIUIMBAE Ha BECh TPAHCIOPTHUH 3aci0 1 BUKIHMKAae MEBHI
BIIXWJICHHS MOTO CKIIAOBUX BiJ 33JIaHOTO BEIYUYOIO JJAHKOIO (TATa4eM) HAMPSAMKY PYXY.

Kinemarnunuii croci0 ynpaBiiHHS MOBOPOTOM HaIiBIpUYENa 32 IOTIOMOTOIO KOJIiC, OCeH, OTIOp MOXKe
OyTH 3aifiCHEeHHI TphOMa BapiaHTaMH yIpPaBIiHHS:

— CHCTEeMa MPSIMOTO YIPABIIiHHS;

—3BOPOTHA CHCTEMY YIIPaBIIIHHS;

— TOJBiifHA cHCTeMa YIIPaBIIiHHS.

KoskeH 3 HUX Mae NeBHUH BIUIMB Ha TPAEKTOPIIO PyXy aBTONOI3/a.

JuaaMigHUE croci® ympaBiiHHS TPYHTYETHCS HAa BHKOPHWCTAHHI €IACTHIHOCTI IIHH, IO JO3BOJISE
CTBOPIOBATH MaIlliHA 3 HEMOBOPOTHUMH KOJIECAMH 1 PI3HUM cTyneHeMm oOepranbHocTi. Llel crmocid
XapakTepHUH 715 Bi3KiB HAIliBOPUYCIIiB.

Merta po6oTH TIONATAaE Yy TOPIBHSUIBHIA OIIHIII MaHEBPEHOCTI aBTOIOI3/IB 3a PI3HHX 3aKOHIB Ta
CHOCO0IB YIIPaBIiHHS Bi3KOM HaMiBIIPHUENa i3 3aCTOCYBAaHHAM JUHAMIYHOTO CIIOcO0y MTOBOPOTY KOJIC Bi3Ka
HamiBIpHYena.

Buxkiaa ocHOBHOrO MaTepiagy.

IIpn muHAMidHOMY CIIOCOO1 YIIpaBIIiHHS Bi3KOM HAIIBIpPHYEIIa NIITXOM IPHUTATHMOBYBAHHS KOJIC
Bi3Ka MOJJIMBI 6 BapiaHTiB, pUCYHOK 1:

a) — MPUraJIbMOBYBaHHsI KOJECaMH Bi3Ka I1O-/iarOHaIi;

0) — TpUTAITBEMOBYBaHHS KOJIECAMH BHYTPIIITHEOTO OOPTY Bi3Ka,

B) — MpPUTAJIbMOBYBaHHS KOJIECaMH 30BHIIITHBOTO OOPTY Bi3Ka;

I') — IPUTaTbMOBYBaHHA yciMa KOJeCaMH Bi3Ka,

Il) — TIPUTAIBMOBYBaHHS KOJIecaMH 3aHbOI OCl Bi3Ka;

€) — MpUraJibMOBYBaHHsI KOJECaMH MEePEAHBOT OCI Bi3Ka.

Koxxkna 3 cucrem Mae cBoi 0cOOIMBOCTI TpaeKTOpii MPUYIMHOI JTaHKK LIOAO TPAEKTOPii aBTOMOOiISA
Tsraya.

Pucynok 1 — /lunamiuHi cucTeMH YIIpaBJIiHHS Bi3KOM HamiBOpUyena
Figure 1 — Dynamic control systems of a semi-trailer truck
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Hampukmnaz, sKImo rarbMyIOThCS Kojieca BHYTPIITHBOTO0 OOPTY abo mepeaHs BiCh NMpUYeIa, TO IPHUUil
PYXAEThCS HECTIHKO I BHHUKAE 3aHOC MOT0 MepefHboi oci BOIK (pucyHOK 1, O, €), SKIIO TajJbMYHOThCS
KoJIeca 30BHIIIHBOTO O0pTy abo 3aqHs BiCh MPHUYEIA, TO CIIOCTEPIraeThCs 3aHOC pudena (pUCyHOK 1, B, 1).

Ilpu rampmyBaHHI aBTOMOI3Aa €(GEKTHBHICTP BHUKOPHUCTAHHS KOJICHUX TadbMIBHHX MEXaHI3MIB
aBTOMOOIIS—TATa4ya i npuyena Moxke OyTH Pi3HOIO, 10 0OYMOBJICHO OLTBIIOK KUIBKICTIO PAaKTOPiB, B YHCITI
SIKUX TIEPEPO3IOILT HOPMaIbHUX peakiliid Mpu ranbMyBaHHI, 3HaAUSHHs Koe(illi€eHTa PO3IOAITY TaJbMiBHUX
MOMEHTIB, HasBHICTH peryisaTopis (PI'M abo ABC).

CriliKicTh pyXy aBTONOI3[a MPH TallbMyBaHHi, MOPsA 3 e(QEeKTUBHICTIO [l TaIbMIBHOI CUCTEMH, Mae
JOCUTH BaXKJIMBe 3Ha4YeHHsA. [Ipy HopManbHOMY pyci aBTomoi3aa i HMpaBHIIBHOMY HOTO rajJbMyBaHHI, KOJIU
Ha BCiX KOJIECaX CTBOPIOIOTHCS TAJIbBMIBHI CHUIH, IO BiIITOBIMAIOTH 3YilTHIA Maci, MO MPUXOIUTHCS Ha HUX,
0e3 JoBefeHHs KOJIC 10 TMOBHOTO OJIOKYyBaHHS, pPyX BiOyBaeThCsl AOCHTH CTilKo. [lopymieHHs cTiHKOCTi
aBTOTIOT3/]a 3BMUYANHO TIOB'A3aHE 3 HACTAHHSAM 3aHOCY OJHIET 3 ocel aBTOMOOINS abo mpudyerna, HaWOLIBIT
YacTO0 MPUYHHOIO SIKOTO € OJIOKYBAaHHS KOJIC, [0 TaJIbMYIOTb.

VY Toii e yac ciiJ MOMITHTH, IIO KOB3aHHS (PyX I030M) KOJIIC OKpEMHX OCel aBTOMOi3ga ILie He
BUKJIMKA€ OOOB'S3KOBOTO MOPYIICHHS CTIMKOCTi, TOMy IIO 3a MEBHUX YMOB MOXIHUBE 30€peKeHHs
HPSMOJIIHIHOTO PyXy 3 HEBEJIMKUMH KOJIMBAaHHSIMU 3aracarouoro Xapaxkrepy.

Y BHUNAAKY HENpaBWJIFHOTO TallbMyBaHHs, KOJHM TaJbMyBaHHS KOJIC OKpPEeMHX OCed TAroBOro
aBTOMOOLIS W Tpuyena 3MIHCHIOIOTBCS HE CTPOTO OJHOYACHO a00 BIACHI CIIOBUIBHEHHS TATOBOTO
aBTOMOOINI ¥ TpWUerna BUSABIAIOTHCS HEOMHAKOBHMHM, BiIOYBA€THCS CTHUCK ab0 pO3TATAHHS TPYKUHH
TSATOBO—3YIITHOI'O MPHCTPOIO. ABTONOI3[ NOYMHAE PYyXaTHCS B HANpyXEHOMY CTaHi, Malo4d 3amac
BHYTPIIIHBOI €HepTii. Y TakOMy CTaHi 3 MOSBOIO OIYHUX CHII, O 30YPIOIOTH, MOPYIIYETHCS CTIHKICTh PyXy
aBTOMO{3/12, i BiH MMOYMHAE 3MIMCHIOBATH KOJIHBAIBHI PYXH.

OCHOBHMMH HacliIKaM{ MOPYLICHHS CTIMKOCTI Y BHUINAAKY MPUKIAaJCHHS TUMYACOBO Ail040i Oi4HOI
cwid, 1o 30yproe, MPUKIaNEHOl 0 Tiei a0o IHIIOI Ooci aBTOmoOi3/ma, € 3aHOC Ii€l oci. SIKIIO KOMWBaHHS
HOCATh 3Tracaloyuuil XapakTep, pyX aBTOIOi3/la TPUBA€ HOPMAaJbHO. SIKINO K KOJMBAHHSA B IPOLECI PyXy
3pOCTalOTh, PyX aBTOMOI34a CTA€ HECTIHKHIM.

[Ipu npaBwIbHOMY raJbMyBaHHI aBTOIOI3J PYyXA€ThCS CTIHKO K IPU TajlbMyBaHHI Ha NpsAMiH, Tak i
Ha TTOBOPOTI.

[NonepennimMu nocmimxeHHst Oy10 BCTAHOBJIECHO, U0 HaileeKTUBHIIIE BUKOPUCTOBYBATH OJHOYACHO i
KIHEeMaTUYHHHN i JMHAMIYHHNA CTIOCOOU YTIpaBIIiHHSA KoJiecaMu abo ocsiMu HamiBmprdena [1].

Jst aBTOIOi3Ha «ONTUMAJIBHUI» 3aKOH YIPaBIIiHHSA [OBOPOTHUMM OCAMH BO3MKa HaIiBIpudena (3a
SIKOTO TPA€KTOPii aBTOMOOLIS—Tsraya i HariBIpHyena CHiBnaaanTb Mixk co0010) 3amucano y Burisiai [10]:

ngh @,
Ie (—TEepIIuil KyT CKIaJlaHHs;
e
gh,L, ’
V —niHiiiHa IWBUAKICTH pyXy aBTOMNOI3/a;
k; —KoedilieHT OMOpy BiABEIEHHS KOJIiC MPUBEACHOT IAaHKHU (HAaITiBIIPUYETa);
L ;—6a3a HamiBmpudena.
VY cBoto uepry, nepumii KyT CKJIaJaHHs BU3HAYEHO 5K

h — xoedilieHT nepenadi j, — | —

2
L XV——(L1+c—b)

HI k3 kz g .

ne ky = k;;+k;; — cymMa koedilieHTiB onopy BilBEICHHS KOJIC IPYroi i TpeThoi oceil Tarada; k; —
KoeilieHT Omopy BigBEeIEHHS KOJIC KepoBaHOI oci Tsaraua; ks — KoedillieHT omopy BigBEAEHHs KOJIIiC
MIpUBEICHOI JIaHKK; /— 0a3za aBTOMOOUIS—TATa4ya; cC— BiACTaHB BiJl IEHTPa Mac MO TOYKH 3YINKH TATada i
HaITiBIpu4ena; b — BIICTaHb BiJ] TOYKU 3UIMKH IO 3aJHBOI OCi TATada.

Kinematn4Hi CiBBiTHOIICHHS, 10 3a0€3MEeUyIOTh 30ir TPAEKTOPil TsAraya i BO3WKa HAITiBIIPHYETIa,
3aIMcaHi B TAKOMY BHUTJISII:
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0, =| arctg 2189, -9

1=k +J(1-k)* - 4kig’¢,

1€ (¢, — APYTHH KyT CKJIaJaHHs; k — Koe(ilieHT, o BpaxoBye OiuHe MepeMillleHHs LEeHTpa Mac Bi3Ka
HamiBIpHUena 3a paxyHOK O19HOT PY>KHOCTI LIKH.

Mertonuka BHU3HAUEHHS KyTa (0;, a TaKOX ¢0; Oyle pi3HOIO B 3aJE€KHOCTI Bif IOJIOKCHHS Bi3Ka
HaIiBIpUYena BiJIHOCHO aBTOMOOIISI—TATaua, 0 3/[iIHCHIOE TIOBOPOT.

V 3arajbHOMY BHUIJISII MOYKHA 3aIIHCATH

(92 = f(¢29k)'

Jns  aBTOmMOi3Aa 3 KEpOBAaHMM HAIIBIIPUYEIIOM PIBHSAHHS JJIs1 BH3HAUeHHsS KoedillieHTa mepenadi
3aIHCY€THCS Y BUTILI:

c—b y:o 1
)20 (L),
L Lg k, klZ

h=(1+2

ne kz,klz— 00e3po3mipeHi koeillieHTH OMOpy BIJBEJCHHS KOJIIC KEpoBaHOI oci Bi3ka i

HEKEPOBAHUX KOJIiC TAraya, C,b - FCOMeTpI/I‘lHi napamMeTpu Tiarava.

Toni
0, =h(¢ + ),

1e h BU3HAYAETHCSA K QYHKLIS HAOOPY MapaMeTpiB

h=f(V .k

ljaml'aasbiacl)dladzasz')

SKi y Tpoleci pyXy HE 3aHIIAlThCI CTATUMK, TOOTO MPUBI KEpyBaHHS BO3UKOM HAIliBIIpHYCIIA
MIOBUHEH OYTH pEryJbOBaHMM 1 3MIHIOBATH CBO€ IMIEpPEeNaTOYHE YHCIO Bi MIHIMAIBHOTO 3HAYCHHS
(6mm3pKOTO IO HyJS) M0 MaKCHMabHOTO (OMM3BKOTO O HECKiHYeHOCTi). Take peryimoBaHHS MOXHa
3MIACHUTH UIIXOM TaJIbMyBaHHSM KOJIiC OJTHOTO OOPTY.

3a MpUIHATHM 3aKOHOM YIPABIIHHS BU3HAYMMO BEIUYMHY TadbMiBHOTO MOMEHTY KOJIC OJJHOTO
00Tpy BO3WKA HAITIBIIPHYEIIA, IPHUITYCKAIOYH, 110 TOYKA 3YIIKHA PYyXA€THCS IO KOIY 31 CTANO0 MBHIAKICTIO. Y
LIbOMY BHIIAJIKy TOJIOKCHHS Bi3Ka OJIHO3HAYHO BH3HAYAETHCS 3aKOHOM YIpaBIiHHS iHoro ocsmu. [1pu npomy
BTPAuYa€ThCsl OMH CTYIIHB BOJi, TOOTO HEMae HEOOXIAHOCTI OMMCYBATH MOJOKEHHS BO3MKA HalliBIpUYEIa
OKpEMHUM DPIiBHSHHSIM TI0 (0, . byaemo BBaXkath, KpiM TOTO, 10 i Apyra Touka 34inku O, pyXxaThCsl TaKOX 10
koxy. [lpu npoMy Ui CIipOIIeHHS MiApaXxyHKiB 3BEIEMO BCi OCi Bi3Ka [0 OZHI€l, IO BiACTOITh Ha BiACTaHb
[, Big ueHTpa Mac Biska. [lo3HaunMo mpuBeaeHI MOMEHT iHepLii i Macy Bi3Ka sIK 71: m, .

Hexaii Touka 3uinku O; pyXaeTbes 1Mo Koiy paaiyca R i3 mBuukictio V (Pucynok 2). Toxi kyToBa

HIBUIKICTH pajiyca BEKTOpa TOUYKU (; BU3HAYUTHCS SIK () = v
R
PiBHsIHHS, 1110 OMUCYE JIAHKY, 3aIIMCAHO Y BUTJISII:

(I, + md})g, + md o[V cosg, — (U — wc)sing 1= LY, (5,) - M

ean?®

—V'sing, — (U — +(w—-@)L

ne 5, =-6, +arctg singy = (U = axc)cos . (@0=¢)L, .
Veosd — (U —wc)sing,

PosrisHemMo croyaTky niHiiiHuil 3aK0oH ynpasninas, 10610 6, = hd,.

Toni piBHSHHS piBHOBarW HamiBIpHYeNa IIOA0 BEPTUKAIBHOI OCi, SIKa MPOXOAUTH yepe3 Touky O,
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3aIMIIETHCS y BUIVIAL
_ 2
Y,(6,)L, =M, =ma Rcosdd, ,

ne Y,(9,)L,— MomenT GiuHOi cu;
2 - .
m,@" R cos @, d,— momenT cun inepii.

[Ticnst mineapu3arltii e piBHAHHS MEPETBOPUTHCS B TaKe

L. = ®’R
1 _
k2 [_(h + 1)¢1 + _] - Mem - ’
R g
ne g5 - 00e3po3mipeHuil (BiAHECEHUH 10 CHIM TSOKIHHS Biff MacH, IO MPUXOJIUTHCS Ha BO3UK

ean

HamiBIIpHYena, 1 KOOpJUHATU IICHTPa Mac HamiBIpUYena @, TOOTO BiJCTaHI BiJ I[EHTAa Mac J0 TOYKH 3YilKU
TATaya 3 HAMBIPUYETIOM) FaJIbMiBHUH MOMCHT.

V4

01

Pucynok 2 — Jlo BU3HauUCHHS 3aKOHY YIPABIiHHS MPUYIITHOIO JIAHKOIO
Figure 2 — To determine the law of control of the trailer link

3 ObOTro BHUpa3y MOXXHa OACPKATU aHa.]'IiTI/I‘{Hy 3aJIEKHICTD JId BU3HAUCHHA IMCPHIOTO KyTa
CKJIaJaHHA.

3 iHmoro 0OKy, BUMOTa BiACIIIKYBaHHS TPAEKTOPii TOYKH 3YIMKH MPUIIMHOIO JIAHKOIO HAKIIaIae
YMOBY, 3a siKoto (1ipu L >2R 3aiava He Mae pimenns) [10]:

. L
sing =L =

2
= 1 (L1 - d )
(1+h)R gk,

9
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CmibHe pilmeHHs piBHSAHB, MO OMHCYIOTh IIi JBI BHUMOTH, BH3HAa4ae COOOI0 TIEpPeIaTOdHE
BiZIHOILICHHS CHCTEMH YTIPaBIIiHHS HAITIBIPHYETIOM

21?

h=1—-——
gk, L,

iM&L’l.

OTtxe, 3HAYCHHS /1 € QYHKITIEIO HE TITPKYA TEOMETPUIHMX TTapaMeTpiB i 00e3po3MipeHnx koedirieHTa

omopy GiuHOMY BinBeneHHs k; i ranmpmiBHOro Momenty M oy » V€ 1 MIBUJKOCTI PyXy aBTOIOi3/a, TOOTO

OTPUMAaHMI 3aKOH YIPABJIiHHSA MOB'A3aHMI i3 XapaKTEPHOK MIBHAKICTIO zw/kzl,] g TaKo, 10 AKIIO
V <V,, 1o HamiBnpuuin opieHTyeTbCS Y BHYTPIIIHIO CTOPOHY i TalbMiBHHI MOMEHT IOBHHEH OyTH

NPUKIIAJIEHNH 110 KOJic 30BHimHboro 6opry, a npu V' >V, —y 30BHimHIO i ransMiBEME MOMEHT TIOBHHEH

OyTH TpUKIAJCHUH 1O KOJiC BHYTpPIIHBOro OopTy. LlMM TOsICHIOETBCS HasBHICTH 3HaKy +  Oiis
raJbMiBHOTO MOMEHTY.

VY Tabmumi 1 HaBemeHi pe3yJbTaTH PO3PAxXyHKY 3CYBY TPAEKTOpii BO3WKA HAIBIIpHYENa OO0
Tpa€ekToOpii aBTOMOOIISI—TAraya MNpH BUKOHAHHI AaBTOMNOI3OM pIi3HOMaHITHHX MaHeBpiB. [Ipu nbOoMy
po3riAgaBcs aBTOIOI3[ 3 HEKEPOBaHMM HAMIBIPHYENOM, 3 TMOABIHHUM TPHBOAOM  YIPaBIiHHS
HaIiBIPAYETIOM, 3 TIOJIBIHHUM MPHUBOJIOM KEPyBaHHS HAIIBIPHUYETIOM i TaIbMyBaHHSIM KOJIC OJTHOTO OOpTY.
[Ipu upomy koedilieHT x y BHpa3i, MO BH3HAYAE TaJbMiBHUH MOMEHT Ha KojiecaXx OJHOTO OOpTYy BO3HMKa
HamiBIpHyena, NpUHHATO piBHUM 0,2.

AHani3 naaux Tabmumi 1 mokasye, Mo MOABIMHHUN TIPHUBIA KEpyBaHHSI, a TaKOX MOJBIHHUI MPUBIL
KEpyBaHHA 3 KOPEKITIEI0 TPAEKTOpii BO3WMKA MUIIXOM TalbMyBaHHS KOJIC OOHOTO OOpTYy 3a0e3lmedyioTh
NPUHHATHY BIIMCYBaHICTh aBTOMOI3/la B HAHOLIBIIIE THIIOBUX yMOBax pyxy — moBopoTax Ha 90° i 180° .
[IpoTe npu kpyroBoMy pyci i BAKOHaHHI MaHEBPY «II€pecTaBKa» MOABIMHUI NPHUBiN KEPyBaHHS 3 KOPEKLIEO
TPAEKTOPIi BO3WKA NIITXOM TaTbMyBaHHS KOJIIC OJHOTO OOpTy 3abe3Iedye OUThIT TOYHE BiICIiAKOBYBAaHHS
Tpa€eKTOpii aBTOMOOITSI—TAraya BO3UKOM HAIIBIpHYEIa Yy MOPIBHSIHHI 3 MOJIBIHHIM MPHBOJOM KEpyBaHHS.
Pazom 3 THM, 1 mOABIMHUI TpUBOJ KepyBaHHS 3a0e3Medye AOCHTh NPUHHATHI pe3ysIbTaTd y MOPIBHSHHI 3
aBTOIOI3I0M i3 HEKEPOBAaHUM HaIliBIIPHYETIOM.

Tabmuus 1 — Jlo aHanizy eeKTHBHOCTI YIIpaBIIiHHSA OBOPOTHIUMH OCSIMH BO3HKA HaIliBIpUYena
Table 1 — To the analysis of the effectiveness of the control of the turning axles of the semi-trailer truck

) (9 ) 3CyB Tpa€ekTopii BO3UKA IO BiTHOIICHHIO JI0
Manesp V, m/c 117, pan TpaEeKTOpii TsAraua, M
(pazn/c)
oe3 ITonBiitauii [oxgiitHu# IpPHUBOA
KepyBa— MIPUBOJT KepyBaHHS 1
HHS KepyBaHHS raJbMyBaHHS KOJIIC
OJTHOTO OOpTY
[Toopot Ha 90 ° 0,3 (0,05) 4,24 0,76 0,12
IMosopoT Ha 180° 5 0,3 (0,05) 4,16 0,72 0,10
[lepecraBka 5 0,1 (0,10) 2,71 0,43 0,09
IMosopoT Ha 360° 5 0,3 (0,05) 4,02 0,58 0,06

I3 HaBemeHUX Pe3yJIbTATIB PO3PaXyHKY CIiAYeE, IO 3aCTOCYBaHHS TallbMyBaHHS KOJIIC OJHOTO 0OpPTY
BO3MKA JUIS KOpEKwii TpaekTopii HamiBnmpudena ec(eKkTHBHE MpH MaluX IIBHUAKOCTSIX pPyXy, 3a SKHX
3a0€3MeYyIOThCS SIK BUCOKI MOKAa3HWKM MAaHEBPEHOCTi, TaK 1 He MOPYLIYIOTbCSA LI MOKa3sHUKH CTiHKOCTI
PYXy.

BucHoBku. [IpoBeneHuME po3paxyHKaMu BCTaHOBJIEHO, 110 MOJABIHHUI NMPHUBIA KepyBaHHS, a TaKOXK
MOJBIHHUN TPUBiA KepyBaHHS 3 KOPEKLI€I TPAeKTOpil BO3MKA HIJSIXOM TajbMyBaHHS KOJIC OZHOTO OOpTY
3a0e3Me4y0Th IPUHHATHY BIHCYBaHICTh aBTONOI3[a B HaiiOinblle TUIOBUX YMOBaX pyXy — IHOBOpPOTax Ha
90° i 180° . Ilpore mpu KpPyroBoMy pyci i BHKOHAHHI MaHEBPY «IepeCTaBKa» MPHBIJ KEPYBaHHsI, IO
JOCIHIKY€EThCs, 3a0e3meuye OUIbII TOUHE BiACTIAKOBYBaHHS TPaeKTOpii aBTOMOOIs—Tarada. Pasom 3 tuwm, i
MIO/IBIMHUH TIPUBOJ, KEpyBaHHS 3a0e3leduye ITOCHTh NMPUHHATHI Pe3yJbTaTH y MOPIBHSAHHI 3 aBTOMOI3IOM i3
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HEKEPOBAHWM HAIIBIPHYETIOM. [3 HaBEJEHHX pE3YJbTATiB PO3PaXxyHKY CIiIye, IO 3aCTOCYBaHHS
rajJbMyBaHHS KOJIC OZHOTO OOpPTY BO3WKa Uil KOPEKLIi TpaekTopii HamiBrmpuyena epeKTHBHE MPU MaHX
HIBUJIKOCTAX PYXY, 32 SKHX 3a0€3MEUYIOThCS K BHCOKI MOKA3HUKU MAaHEBPEHOCTI, TAK 1 HE MOPYIIYIOTHCS
e TOKAa3HUKH CTIHKOCTI pyXy, MPOTe OTPHMaHiI 3aKOHOMIPHOCTI MOTPEOYIOTh EKCIEPHUMEHTAIBLHOT
MEPEBIPKH.
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PE®EPAT

Bocenko B.M. /luHaMidHi cucTeMH yIpaBiIiHHS Bi3koM HamiBnpuuena / B.M. bocenko, O.M. TimkoB,
A.M. Smenko, O.A. Kopnau // Bicuuk HanionansHoro tpancrnopTHoro yHiBepcurery. Cekmis «TexHiuHI
Hayku». Haykosuti xxypran. — K.: HTVY, 2022. — Bum. 3 (53).

VY cTaTTi MPOBEACHO aHAI3 THHAMIYHAX CHCTEM YIPAaBIIiHHS Bi3KOM HaIiBIpHYea Ta eeKTHBHOCTI
yIpaBIliHHS TOBOPOTHUMH OCSMH Bi3Ka HaIliBIIPUYETIA.

OO0’ €eKT JOCHiKEHHSI — JUHAMIYHI CHCTEMH YTIPaBIiHHA KoJiecaMu (OCSIMU) Bi3Ka HaIiBIpUYena .

Meta poboTH monsirae y TOPIBHSUIBHIA OLIHIII MaHEBPEHOCTI aBTOIOI3ZIB 3a pI3HWX 3aKOHIB Ta
CHOCO0IB YIPaBIiHHS Bi3KOM HaIiBIIPHUENa i3 3aCTOCYBAaHHAM JHHAMIYHOTO CcIIoco0y MTOBOPOTY KOJIC Bi3Ka
HamiBIpHYena.

MeTomu TOCIiPKEHHS — aHAII THYHAN, TIOPIBHSUIBHUH.

HacporomHi, cTaH pO3BHTKY PYXOMOTO CKJIAay aBTOMOOULTEHOTO TPAHCIIOPTY  XapaKTepPH3YETHCS
PI3HOMAHITHUMH THIIaMHU Ta BHAaMH aBTOMOOLTIB, MPUYEMiB 1 HamiBIpuyemniB. [ mepeBe3eHHs BEIUKHX
napTid BaHTaXy JOLIIBHO BUKOPHCTOBYBATH aBTOIOI3IM PI3HOMAHITHUX KOMIOHYBalbHUX cxeM. [lopsx 3
HaWO1IBII MTOMMMPEHUMH JIBOBICHUMH aBTOMOOIISIMH 3 TIEPEIHIMH KEPOBAHUMHE KOJIECAaMH OTPHMYIOThH BCE
OlTBIIMIT PO3BUTOK HOBI KOHCTPYKLIi 3 IHIIMMH KOMIOHYBaJbHUMH CXEMaMH 1 CHCTEMaMd yNpPaBIiHHA
ITIOBOPOTOM: aBTOMOOLII i aBTOMOI3M 3 yciMa KepOBaHWMU KoJiecaMH, OaraToBiCHI aBTOMOOLTI 3 pi3HUM
YUCJIOM 1 PO3TaIlyBaHHAM KEPOBAHWUX KOJIiC, MAaITWHU 3 HEMOBOPOTHHUMH KOJecaMH, 3WICHOBaHI KOJICHI
MalluHU Tomo. Benmki rabaputHi po3mipu aBTOMOi3Na NPU3BOIATH A0 3HAYHOTO 30UIBIIEHHS ioro
rabapuTHOI CMYTH PyXy Ta 3HaYHO YCKJIQJIHIOIOTh KEpyBaHHS HHM.

Ilpn HasBHOCTI y aBTOmMOI34a KEPOBAHMX JIAHOK TPYIHOINI BHUHHUKAIOTH Yy TOMY, IO CYTTEBO
YCKIIQAHIOETbCSA JOCHI[DKEHHSI pPyXy Takoro aBTOTPAHCHOPTHOro 3aco0y 3 NPUYMHH HEoOXimHOCTI
ypaxyBaHHS BILUTUBY 3HAYHOI KUJIbKOCTI (paKTOPiB Ha XapakTep iX pyxy. B3zaemomis cyciqHix n1aHOK mpu pyci
aBTOMO{37a PO3IMOBCIOIKYETHCA B PEIITIi—PEINT HA BECh TPAHCTIOPTHHUH 3aci0 1 BUKITMKAE TIEBHI BIIXUICHHS
CKJIaJJOBUX aBTOMOI3/la BiJ 3aJaHOr0 BEAYYOIO JIAHKOIO (TATaueM) HampsMKy pyxy. BpaxoByrouu Te, 1o
aBTOTIOT3]] € 3ac000M MiBHINEHOI HeOEe3MeKH, MePII 3a BCE, CIIiJ] POOUTH KPOKH y HANPSAMKY TOCIIIKEHb
MaHEBpPCHOCTI aBTOTOI3MdIiB, PE3yJbTaTH SKHX OyIyTh MIAIPYHTSAM JUIsI BUPIMICHHS 0araThoX TEXHITHHX
MUTaHb.

HaiiGinbma edekTUBHICTH TIepeBe3eHbp Oyae JocsaraTUcs y TOJi, KOJM TOBHICTIO Oyne
BUKOPDHCTOBYBaTHCSl ~MaKCHMajbHa JIOMyCTHMa JOBXHMHA aBTONOi3a 1 HOro  MaKCHMaibHa
BaHTaXXOMIIHOMHICTh. 3aCTOCYBaHHS aBTOMOI3/IB 3 KEPOBAHMMH MPUUYITHUMU JJAHKAMHU YCKIIAIHIOE TIPOIEC
pyxy aBTomoi3zna. Bzaemonis naHOK aBTomoi3na BIUIMBAaE€ HA BECh TPAHCIOPTHHH 3aci0 1 BUKIMKA€E TEBHI
BIIXWJICHHS MOTO CKIIAJOBUX BiJ 3aJIaHOTO BEIYUYOIO JJAHKOIO (TATa4eM) HAMPSMKY PYXY.

JuHamiduHU#i crocié ympaBiiHHS TIPYHTYEThCS Ha BUKOPUCTAaHHI €ACTUYHOCTI IIWH, IO JO3BOJISE
CTBOPIOBATM MAIMHA 3 HEMNOBOPOTHUMH KOJECaMHM 1 pi3HHUM cTymeHeMm oOepranbHocTi. Llel cmocid
XapaKTepHUHN IJIs Bi3KiB HAITiBIPHUYETIiB.

CriliKicTh pyXy aBTONOI3[a MpH TallbMyBaHHi, MOPsA 3 €(QEKTUBHICTIO [l TalbMiBHOI CUCTEMH, Ma€
JOCUTH BaXKJIMBE 3Ha4YeHHs. [Ipy HOpManbHOMY pYycCi aBTOmOi3Aa i MpaBHIBHOMY HOTO rajJbMyBaHHI, KOJIU
Ha BCiX KoJiecaX CTBOPIOIOTHCS TallbMiBHI CHIIM, IO BiJINIOBIAIOTh 3YiMHIM Maci, M0 MPUXOIUTHCS HA HUX,
0e3 JoBe/IeHHs KOJIiC 10 TIOBHOTO OJIOKYBaHHS, PyX BiOyBaeThCs AOCHUTH CTilKoO. IlopymieHHsS CTiMKOCTi
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aBTOMOI37a 3BUYANHO TOB'I3aHE 3 HACTAHHSAM 3aHOCY OJHI€l 3 oceil aBTOMOOUII a0o Tpwyera, HaOUTbIIT
YacTO0 MPUYHUHOIO SKOTO € OJIOKYBaHHS KOJIC, IO TabMYIOTb.

OCHOBHUMH HACHiIKaMH TIOPYIICHHS CTIHKOCTI y BUMAJAKY MPHUKIAJIEHHS TUMYAaCOBO Mit04oi OidHOI
cuiM, mo 30yproe, MPpUKIafAeHoi M0 Tiel ado iHIIOI oci aBTOmOi3da, € 3aHOC i€l oci. Ko KoMMBaHHS
HOCSTh 3Tracalouuil XapakTep, pyX aBTOIOi3/la TPUBAE HOPMAJbHO. SIKIIO K KOJNUBAHHS B MpOILECI pyxy
3pOCTaK0Th, PyX aBTOMOI3/1a cTae HecTikuM. [Ipu mpaBUIBLHOMY TalbMyBaHHI aBTOMOI3] PYXa€ThCsA CTIHKO
SIK TIpY TAIBMYBaHHI Ha TIPSAMIi, TaK 1 Ha TTOBOPOTi.

[IpoBeneHNMH TOCHTIPKEHHSIMH BCTAHOBJICHO, IO 3aCTOCYBAaHHS TallbMyBaHHs KOJIC OZHOTO OOpTY
BO3WKa JJISI KOPEKIii TpaekTopil HamiBmpuyena c¢(GEeKTHBHE NPH MAaJIMX IIBUAKOCTIX pPyXy, 3a SKHX
3a0€31euyIOThCS SIK BUCOKI MOKAa3HUKH MAaHEBPEHOCTI, TaK 1 HE MOPYIIYIOTHCS e MOKa3HUKH CTIHKOCTI
PYXY, IPOTE OTPUMaHi 3aKOHOMIPHOCTI TOTPEOYIOTh EKCIIEPUMEHTAITLHOT IIEPEBIPKH.

KJIFOUYOBI CJIOBA: ABTOIIOI3/1, HATIIBITPUYIII, MAHEBPEHICTb, CITIOCIb YIIPABJIIHHSA
MTOBOPOTOM, CTIMKICTb.

ABSTRACT

Bosenko V.M., Timkov O.M., Yashchenko D.M., Korpach O.A. Dynamic control systems of a semi-
trailer trolley. Visnyk National Transport University. Series «Technical Sciences». Scientific journal. — Kyiv:
National Transport University, 2022. — Issue 3 (53).

In the article, an analysis of the dynamic control systems of a semi-trailer trolley and control of the
turning axles of a semi-trailer trolley were carried out.

The object of the research is the dynamic control systems of the wheels (axles) of a semi-trailer
trolley.

The purpose of the work is a comparative assessment of the maneuverability of road trains under
different laws and methods of controlling a semi-trailer truck using a dynamic way of turning the wheels of a
semi-trailer trolley.

Research methods are analytical and comparative.

Today, the state of development of rolling stock of road transport is characterized by various types and
types of cars, trailers and semi-trailers. For the transportation of large consignments of cargo, it is advisable
to use road trains of various layout schemes. Along with the most common two-axle cars with front steered
wheels, new designs with other layouts and steering control systems are increasingly being developed: cars
and road trains with all steered wheels, multi-axle cars with different numbers and positions of steered
wheels, cars with non-rotating wheels, articulated wheels machines etc. The large overall dimensions of the
road train lead to a significant increase in its overall traffic lane and significantly complicate its management.

If a road train has controlled links, the difficulties arise in the fact that the study of the movement of
such a motor vehicle is significantly complicated due to the need to take into account the influence of a large
number of factors on the nature of their movement. The interaction of neighboring links during the
movement of the road train eventually spreads to the entire vehicle and causes certain deviations of the
components of the road train from the direction of movement set by the leading link (tractor). Taking into
account that the road train is a means of increased danger, first of all, steps should be taken in the direction of
research into the maneuverability of road trains, the results of which will be the basis for solving many
technical issues.

The greatest efficiency of transportation will be achieved when the maximum permissible length of the
road train and its maximum carrying capacity will be fully used. The use of road trains with controlled trailer
links complicates the process of driving a road train. The interaction of the links of the road train affects the
entire vehicle and causes certain deviations of its components from the direction of movement set by the
leading link (truck).

The dynamic method of control is based on the use of tire elasticity, which allows you to create
machines with non-rotating wheels and different degrees of rotation. This method is typical of a semi-trailer
trolley.

The stability of the movement of the road train during braking, along with the effectiveness of the
braking system, is quite important. With the normal movement of the road train and its correct braking, when
braking forces are created on all wheels corresponding to the coupling mass that falls on them, without
bringing the wheels to complete blocking, the movement is quite stable. Violation of the stability of the road
train is usually associated with the onset of skidding of one of the axles of the car or trailer, the most
common cause of which is the blocking of the braking wheels.

The main consequences of a disturbance of stability in the case of applying a temporarily acting
disturbing lateral force applied to one or another axle of the road train is the skidding of this axle. If the
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oscillations have a fading character, the movement of the road train continues normally. If the fluctuations in
the process of movement increase, the movement of the road train becomes unstable. With proper braking,
the road train moves steadily both when braking on a straight line and when turning.

The conducted research established that the use of wheel braking on one side of the truck to correct the
trajectory of the semi-trailer trolley is effective at low speeds, at which both high maneuverability indicators
are ensured and stability indicators are not violated, however, the obtained patterns require experimental
verification.

KEYWORDS: ROAD TRAIN, SEMI-TRAILER, MANEUVERABILITY, CONTROL METOD
TRUNS, STABILITY.
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PELHEH3EHTU:

Kapor Koctsatua CeprifioBu4, KaHAWAAT TEXHIYHUX HAyK, HadaapHUK TICHTPY OIIIHKH
BignoBimHocti KT3 Ta  HaykoBHX  JOCHI/DKEHb  CHCTEMH  TExXHIUHOTO  perymoBanas  [II1
«epxaBrorpancH/AInpoekt», Kuis, Ykpaina.

KoBbacenko Cepriii BomomumupoBud, KaHAWIAT TEXHIYHUX HayK, [OLEHT, HamioHansHU
TPaHCIOPTHUH YHIBEpCHUTET, Tpodecop Kadeapn imxeHepii MaIWH TPaHCIIOPTHOTO OyImiBHHITBa, KHiB,
VYkpaina.
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